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Abstract 
Purpose 

To offers a heater having improved durability used for 
direct heating of semiconductor wafers in semiconductor CVD 
processing equipment. 
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Constitution 

The present invention is equipped with heater main body (11) 
made of graphite, and protective film (12) that is formed by 
covering the entire surface of heater main body (11) . Protective 
film (12) comprises a single-layer film of high-purity pyrolytic 
graphite or a laminated film comprising a first layer of 
high-purity pyrolytic graphite and a second layer of high purity 
silicon carbide. 
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Claims 



1. A heater used for direct heating of semiconductor 
wafers in semiconductor CVD processing equipment, characterized s 
in having a heater main body made of graphite, and a protective 
film that covers the entire surface of the said heater main body, 
wherein said protective film comprises a single-layer film of 
high-purity pyrolytic graphite or a laminated film comprising a 
first layer of high-purity pyrolytic graphite and a second layer 
of high-purity silicon carbide. 

2. The heater of Claim 1 wherein the protective film is a 
single-layer film. 



3. The heater of Claim 1 wherein the protective film is 
laminated film. 

4. The heater of Claim 3 wherein the first layer of the 
protective film is formed in direct contact with the surface of 
the heater main body. 

5. The heater of Claim 4 wherein the protective film is 
made up of three or more layers, wherein the [material of the] 
first layer and the second layer are alternately laminated. 

6. The heater of Claim 3 wherein the second layer is 
formed in direct contact with the surface of the heater main 
body. 

7. The heater of Claim 6 wherein the protective layer is 
made of three or more layers, and the first layer and second 
layer are alternately laminated. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention pertains to a heater for directly 
heating a semiconductor wafer in a semiconductor CVD processing 
equipment; in particular, it pertains to a heater that has an 
increased service life. 



[0002] 



Prior art 

As semiconductor chemical vapor deposition (CVD) processing 
equipment, a device equipped with a heater for directly heating 
the semiconductor wafer that is to be processed to a prescribed 
temperature is known. The back surface of the semiconductor 
wafer is heated to a prescribed temperature by means of a heater 
that is arranged separately from it. 

[0003] 

In addition to the requirement that the material for this 
type of semiconductor wafer direct heating be able to radiate 
heat, it is required that its purity be extremely high and that 
the metal content be held extremely low in order to prevent 
contamination of the wafer. Also, there is the requirement that 
it have superior corrosion- and heat-resistance, as well as a " 
certain degree of strength. There are not many materials that 
satisfy all these requirements; in the past, in order to satisfy 
these requirements to a certain degree, graphite covered with 
high-purity SiC was used. 

[0004] 

The conventional heater comprising SiC-covered graphite was 
equipped with a heater main body made of ordinary graphite, and 
its circumference was covered with a protective film made up of 
extremely high-purity SiC. With regard to this SiC-covered 
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graphite, by means of the graphite of the heater main body which 
has the heating function, and the SiC protective film with the 
function of preventing the discharge outside the heater of 
contaminants emitted from the graphite during the heating and of 
preventing the contamination of the wafer, the heating of the 
wafer could be conducted without discharging any contaminants 
from the graphite to the exterior portion of the heater. 

[0005] 

However, in the case of using this type of SiC-covered 
graphite as a heater in a low-pressure atmosphere of H 2 gas or a 
mixture of H 2 and HCl gases there was comparatively good heat- 
resistance up to about 1400°C, but if approximately 1400°C was 
exceeded, the rate of consumption of the SiC protective film 
began to gradually increase, and when 1450°C was exceeded, the 
rate of consumption increased markedly, and because the heat- 
resistance of the SiC protective film greatly decreased, the 
problem occurred that the service life was shortened. 

[0006] 

Table I shows the relationship between increased rate of 
consumption of the SiC protective film thickness and increased 
heating temperature of the heater made of SiC-covered graphite 
used until now. If this SiC protective film, even in one heating 
section of the heater, is completely consumed, the graphite base 
material becomes exposed, and the wafer becomes contaminated and 
the heater unusable. In other words, when this occurs the 
service life of the heater is ended. 
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[0007] 
Table I 

Rate of consumption of the SiC film in an SiC-covered graphite 
heater for several heating temperatures (units: urn/hour) 
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Key: 1 Temperature 

2 Type of atmosphere 

3 The gas pressure in either case is 100 torr 

[0008] s 

Problem to be solved by the invention 

The object of the present invention is to offer heater for a 
semiconductor CVD processing equipment with a long service life, 
wherein the heat-resistance and corrosion-resistance are superior 
to heaters made of SiC-covered graphite, even in low-pressure 
atmospheres of H 2 gas or a mixture of H 2 and HC1 gases. 



[0009] 



Means to solve the problem and function 

In order to solve the above-mentioned problems, the present 
invention offers a heater characterized in that the heater main 
body is made of graphite and a protective film that is formed 
over the entire surface of the said heater main body comprises a 
single-layer film made of high-purity pyrolytic graphite or a 
laminated film consisting of a first layer of high-purity 
pyrolytic graphite and a second layer of high-purity silicon 
carbide • 

[0010] 

As described above, in the aforementioned semiconductor CVD 
processing equipment with the SiC-covered graphite that is used 
as the conventional heater material, because the coating of the 
SiC protective film on the graphite is performed by means of CVD 
processing at a temperature of about 1400°C, above approximately 
1400°C, the SiC is easily consumed in a low-pressure atmosphere 
of H 2 gas, or a mixture of H 2 and HCl gases. 

[0011] 

In contrast, the high-purity pyrolytic graphite that is used 
in the protective film of the present invention is formed by 
means of a CVD process in a temperature region above 
approximately 2000°C, which is a much higher temperature than the 
peak heater usage temperature, and it is heat-treated at a high 
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temperature. It is superior to SiC in heat- and corrosion- 
resistance, has high purity and excellent crystal properties, and 
it is extremely dense. By n*eans of covering the heater main body 
made of ordinary graphite with this type of high-purity pyrolytic 
graphite, its service life as a protective layer that prevents 
contaminant discharge from t*he heater graphite main body during 
heating, and therefore the service life of the heater, can be 
significantly increased. Therefore, the high-purity pyrolytic 
graphite can be used by itself as a protective film, and it can 
also be used in laminated form with the high-purity SiC used in 
the past. 

[0012] 

In the case of the protective film of the present invention 
adopting the above-mentioned laminated construction, either the 
first layer made of high-purity pyrolytic graphite or the second 
layer made of high-purity SiC can be formed in direct contact 
with the surface of the heater main body, but it is preferable 
that the second layer made of the high purity SiC be made in 
direct contact with the surface of the heater main body. This 
laminated construction can be made of three or more layers where 
the above-mentioned first layer and second layer are alternately 
laminated. It is preferred that the uppermost layer of the 
protective film of the present invention be the high-purity 
pyrolytic graphite layer (first layer) . 
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[0013] 

Because the high purity pyrolytic graphite and the high 
purity SiC are both themselves high-purity materials, needless to 
say, they will not contaminate the semiconductor wafer* The high 
purity pyrolytic graphite used in the present invention can be 
formed by means of the CVD process on the circumferential surface 
of the base of the heater main body. In other words, using a 
hydrocarbon gas such as methane, propane, benzene, or acetylene 
as the raw material, it can be deposited on the substrate surface 
by pyrolizing while controlling this along with a carrier gas of 
hydrogen within a range of 1500-2300°C. At this time, it is 
preferable that the proportion of the hydrocarbon gas contained 
within the gas mixture of a hydrocarbon gas for the raw material 
gas and the hydrogen gas for the carrier gas be less than 15%. 
It is preferable that the proportion of this hydrocarbon gas, 
which is the raw material gas contained in this gas mixture, be 
reduced as the temperature of the pyrolytic processing 
temperature increases. In this way, a graphite film of extremely 
high purity (overall impurity content of less than 10 ppm) can be 
obtained. Then, it is heat-treated at a high temperature (for 
example, 2600-3200°C) . By this means, it becomes an extremely v 
dense film that has 100% impermeability and superior 
crystal linity. 

[0014] 

The SiC that is that forms the protective film combined with 
the high-purity pyrolytic graphite of the present invention can 
be formed by means of the same type of CVD processes used until 
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now. These CVD processes can be consecutively conducted by means 
of the same processing equipment by changing the raw material 
gas • 

[0015] 

Application examples 

Application examples of the present invention are explained 
below with reference to the figures. In all the figures, the 
same components are designated by the same keys. Figure 1 shows 
in simplified form the semiconductor wafer direct heating system 
of semiconductor CVD processing equipment in which the heater of 
the present invention is installed. The entire surface of shown 
in Figure 1, the semiconductor wafer (13) that is to be processed 
is supported by means of mounting fixture (14) , and the heater 

(10) is placed separated from and facing its back surface. 
Heater (10) is provided with a heater main body (11) made of 
ordinary graphite. Entire surface of the heater main body (11) \s 
covered by the protective film (12) of the present invention. 

[0016] 

Figure 2 is a cross-sectional view of the heater according 
to a first embodiment of the present invention. Heater main body 

(11) is covered by a single-layer protective film (12), and this 
protective film (12) is made of a single layer (21) of high- 
purity pyrolytic graphite. 



[0017] 



Figure 3 is a cross-sectional view of a heater according to 
a second embodiment of the present invention. Heater (11) is 
covered by the protective film (12) of a two-layer laminated 
construction. This protective film (12) is constructed by means 
of a second layer (22) made of high-purity SiC that directly 
covers the entire surface of heater main body (11), and first 
layer (21) made of high-purity pyrolytic graphite that is formed 
covering the entire surface of the second layer (22) . 

[0018] 

Figure 4 is a cross-sectional view of a heater according to 
a third embodiment of the present invention. The arrangement of 
the first layer (21) and the second layer (22) that form the 
protective film (12) is opposite to the heater according to 
Figure 3. In other words, the first layer (21) (high-purity 
pyrolytic graphite layer) is formed in direct contact with the 
heater main body (11), and the second layer (22) (SiC layer) is 
formed on its surface 

[0019] 

Figure 5 is a cross-sectional view of a heater according to 
a fourth embodiment of the present invention. Heater main body 
(11) is covered by means of the protective film (12) of a three 
layer construction. This protective film (12) is constructed by 
means of first layer (21) (high-purity pyrolytic graphite layer) 
that directly covers the heater main body (11), second layer (22) 
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(high-purity Sic layer) that covers the first layer (21), and the 
first layer (21) (high-purity pyrolytic graphite layer) that 
covers the second layer (22) . 

[0020] 

Figure 6 is a cross-sectional view of a heater according to 
a fifth embodiment of the present invention. Heater main body 
(11) is covered by means of the protective film (12) of a 
multi-layer construction. As for the protective film (12) of 
multi-layer construction, second layer (22) (high-purity Sic 
layer) on top of the heater main body (11) and the first layer 
(21) (high-purity pyrolytic graphite layer) are alternately 
laminated. The uppermost layer of the protective film (12) is 
constructed by means of a first layer (21) (high-purity pyrolytic 
graphite layer) . 

[0021] 

Figure 7 is a partial cross section of a heater according to 
a sixth embodiment of the present invention. Heater main body 
(11) is covered by means of a protective film (12) of a multi- 
layer construction. In this protective film (12) of multi-layer 
construction, the order of laminating second layer (22) 
(high-purity Sic layer) followed by first layer (21) (high-purity 
pyrolytic graphite layer), is the opposite of that of Figure 6. 
Also, here, the uppermost layer of the protective film (12) is 
also constructed by means of a first layer (21) (high-purity 
pyrolytic graphite layer) . 
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[0022] 

In the present invention, the thickness of the protective 
film (12), and in particular, the thickness of the pyrolytic 
protective film and/or its number of laminations, can be 
determined in response to the desired heater durability. 
Application examples of the heater of the present invention are 
discussed below. 

Application Example 1 

The heater of the present invention of the design shown in 
Figure 2 and the Sic-covered graphite heater used until now were 
constructed, and comparison evaluations were conducted in regard 
to durability. The basic construction of the heating systems in 
which each heater was assembled is that which is shown in Figure 
1. 

[0023] 

The high-purity pyrolytic graphite protective film for the \ 
heater of the present invention was formed by means of flowing a 
mixture of 5% propane gas and 95% H 2 gas at 2000°C for 3 h over 
the graphite substrate. The thickness was 20 um. An electron 
micrograph of this protective film is shown in Figure 8. 

[0024] 

Also, the Sic film of the conventional heater was formed by 
means of flowing a mixture of SiCl« gas at 1400°C for 48 h over 
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the graphite substrate. The thickness was 60 pm. In regard to 
the heaters at the time of evaluation, the amount of reduction in 
respective film thickness was measured when heating was conducted 
under the following uniform conditions. 

[0025] 

The heating conditions were as follows, and the heating was 
performed electrically. 

Heating temperature: 1500°C 
Heating time: 10 h 

Atmosphere: In a mixed gas atmosphere of 97.5% H 2 and 2.5% 
HC1, under a reduced pressure of 10 0 Torr. 

[0026] 

Electron micrographs of the protective film for each of the 
heaters after heating are shown in Figure 9 and 10. Figure 9 
shows the heater of the present invention, and Figure 10 the 
heater used until now. As can be seen from Figure 9, in the \ 
heater of the present invention, absolutely no damage (reduction 
in film thickness) can be recognized in the pyrolytic graphite 
layer (22) (compare with Figure 8), and the heater of the present 
invention shows extremely good durability. In contrast, as can 
be seen from Figure 10, in the SiC protective film of the heater 
used until now, along with a large reduction in film thickness 
(specifically, about 40 pm) of the SiC protective film, a large 
number of changes in quality due to abnormal protrusions (30) can 
be recognized. 
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[0027] 

Application Example 2 

The heaters of the present invention having the protective 
films shown in the Table II below and the conventional 
SiC-covered graphite heater were constructed and comparatively 
evaluated in regard to durability. The basic construction of the 
heating system in which each heater was assembled is shown in 
Figure 1 , 

[0028] 

The high-purity pyrolytic graphite protective film of the 
heater of the present invention, except for the heater of 
Application Example 1, was formed in the same manner as 
Application Example 1, and each had a thickness of 30 pm. Also/ 
the SiC layer of the conventional heater and the SiC layer of the 
protective film of the heater of the present invention were 
formed in the same manner as in Application Example 1, and each 
had a thickness of 100 yivc\ . 

[0029] 

In regard to the respective heaters at the time of 
evaluation, the measurements reaardincr thp amount of HiTnonc-i^ai 



17 



[0030] 

The heating conditions were as follows, and the heating was 
performed electrically. 

Heating temperature: 1450°C 
Heating time: 10 h 

Atmosphere: In a 100% H 2 atmosphere, under a reduced 
pressure of 100 Torr. 

[0031] 

When the amount of reduction in film thickness due to 
heating was measured by means of the aforementioned method, the 
amount of reduction of the pyrolytic graphite layer was 0,17 jam 
for 10 h, and the amount of reduction per unit time was 0.017 
lam/hour. Due to this reduced speed, the time until the pyrolytic 
graphite layer with a thickness of 30 ]im is completely consumed 
is 30/0.017 « 1765 h. If the thickness of the pyrolytic graphite 
layer is 100 pm, then the service life is 100/0.017 « 5882 h. 

[0032] 

In contrast, in the SiC-covered graphite heater used until 
now, the amount of reduction in film thickness of the SiC was 
2.74 pi in 10 h, and the amount of film thickness reduction per 
unit time was 0.274 pm/hour. Due to this reduction speed, the 
time until the 100 im-thickness SiC layer is completely consumed 
and its service life as a heater is ended becomes 100/0.274 « 
365 h. 
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[0033] 

In the heater of the present invention, in the event that 
the protective film is a laminated construction of an SiC layer 
and a pyrolytic graphite layer, the service life becomes the 
total time of the lifetime of the SiC layer and the lifetime of 
the pyrolytic graphite layer. 

[0034] 

An impurity analysis of the semiconductor wafer after it was 
heated under the above-mentioned conditions was performed. The 
results are shown in Table II. As these results show, the heater 
of the present invention can thermally process a semiconductor 
wafer without contaminating the semiconductor wafer. \ 



[0035] 



Table II 

Conditions of improved durability of the heater of the present 
invention due to the covering of the protective layer, and the 
conditions of presence or absence, and the degree of, 
semiconductor wafer contamination due to the respective heaters 
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[0036] 

Effect of the invention 

As was presented above, according to the present invention, 
a heater used for the heating of a semiconductor CVD processing 
equipment can be offered wherein the service life is 
significantly increased. 

Brief description of the figures 

Figure 1 is a simplified view of the heating system for 
semiconductor CVD processing equipment in which the heater of the 
present invention is installed. 

Figure 2 is a cross-sectional view of a heater based on a 
first embodiment of the present invention. 

Figure 3 is a cross-sectional view of a heater based on a 
second embodiment of the present invention. 

Figure 4 is a cross-sectional view of a heater based on a 
third embodiment of the present invention. 

Figure 5 is a cross-sectional view of a heater based on a 
fourth embodiment of the present invention. 

Figure 6 is a cross-sectional view of a heater based on a 
fifth embodiment of the present invention. 

Figure 7 is a cross-sectional view of a heater based on a 
sixth embodiment of the present invention. 

Figure 8 is an electron micrograph showing the crystal 
structure of the protective film circumference of a heater based 
on the first embodiment of the present invention. 

Figure 9 is an electron micrograph showing the crystal 



structure of the protective film circumf erence of a heater based 
on the first embodiment of the present invention, after heating. 

Figure 10 is an electron micrograph showing the crystal 
structure of the protective film circumference of a heater used 
until now. 

Explanation of the reference numerals 

10. Heater 

11. Heater main body 

12. Protective film 

13. Semiconductor wafer 
14 . Mounting fixture 

21. High-purity pyrolytic graphite layer 

22. High-purity SiC layer 
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Figure 9 
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Figure 10 
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[00 16] H|2tt. *«BJ|C0ailC0J8«^«*:at"-* 
WgFrffi0T'$>£c t — l l t±, #— JBWfilSSBgl 

jil— ;i 2 i 

[00 17] 0 3t±* *ISB^«)*2(7)»g«^ckat-* 

mmi 2T*»afs*vci*a. ^^11211 t-* 

#{*1 i<a±*ffi&iE&«-5i«*E«S i c 2 
(7)^2 2h. J82C0JB2 2(7)^*ffiS:SBo-CJ&fi£Sixfc 

[00 18] 04 t±. #%0JJ(B^3 0)JJg«&K<fc£ fc-* 

mi COM2 1 ^^2^2 2<0jffiil#0 3 

2 1 (B*fiffi«^«H«fi») ?WfM£tu *©±n»2 
(Z)I22 (SiCD 7WF2f£2;h/r^&. 

[00 19] 0 514, *«q|<Z)|B4 60j|g«^«fc5fc:-5 I 
0)»nE0-e&&. t-^*#lltt, 3««ig6D«SM£ 
1 2K*y#ElH£*vC^S. £0)#!S/Bl 2ti, 

1 1 &issf«cffl-r-sgs i wis 2 i 

fifiJS) . S5 1 (7)12 1 S:»ffl-rSIB2a)»2 2 (BS8i£ 
Si CM) , «iU t ?ll2<Z)ffl2 2«:tta'rSJSl^)JS2 

[0020] 0 6l±, *|gqS<7)?B5<7)Ji«lc < fc&t:-5 

Krai 2tccku«ES*nri>-5. g,mffi&(D&m$: 1 2 

t±* t:-^**ll±t:S?2^)li2 2 (SMSiC 
JBS*iTfc&. {RIKIffil 2W*Jt/Bii*i WW 2 1 (M 

tmmttmmm ) tc «t y s nr ^ . 

[0 0 2 1] 0 7l±. *?gn/j<7)gv6W/i*fi^J;St-^ 
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[0 0 2 2] fc*>\ *|gnSlC*>i>T{RSIiBf 1 2<7)»S. 

35tt« 1 * ^ 

0 2^r«JfiW*«B-SOt--^4:t5£3RWS iCifil 
fee #t-*fe«a*Anfc*DJft3RW**«ifitt. 01 frZ 

10 xs-ray-cfes. 

[0023] *igBj3o t-* ww*Baa(ft»»ii*B«afli 

t±. ^D^ e >^5%i:H2 #*9 5%Wig-&;tfx£ 2 

000 •c©jft«aiEffi±tc 3 fl$Raat-r ^ tc * ^ u 

[00 2 4] t£3&C7)t-*WS i cusii. SiC 

1 « Wjg^^XS: 1 4 0 0 D CW^StS±^4 8H3IHJ8fc 

t:i:t:J;otKLfco ffStt. 6 0 Mm-eSo*:. 
S^flStc^fcoTti. -tti-fixWt — ^n^^T, TS2W 

[0025] in^ffiiTSswiffi u t-* y . An&tt 

*nS&5iajK : i 5 o o°c 
*nS&n$|HI : l 0B$IH 

: 97. 5 % H * <L 2 . 5%HCU Wig 
7v#H^\.T' lOOTorr W^LET* 

[0026] jn^w*t-^w«KMwtB:^iS««[^ 
I?:!i|9^lMl0t:i?;t o 0 9l±. #$gH80> t -2 
30 WtiWT'&y, 01Ot±. t£5fc£>t: — # ^tOTfel). 

t-^S i c«!SEII!5T'l±. S i caKBS^*?i^T*:« 

^|^C7)^> (A^W^li. it^40Mm) T&'Jg^feixS 
[00 2 7] fIJSftffiJ 2 

40 rzm 2 iz isk-t <&mm & #-r a 
ti, 0 1 n^-^iffiyc*^. 

[0 0 2 8] Ig^ijl ^t-3fJJJl^*^^t-^® 

mmmmmmrmiit. msmi hmmztef&^* 
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1 4 5 0°C 
1 0 B$FS 

1 0 0 % H 2 #H^T' lOOTorrCD 
[0 0 3 1] Kk±<D3imz&V* MfcK«ka>BiJ»«*MI 10 

o. i 7 ^m-e&u, #{ifl#ra^uco^>fitio. oi 

30/0. 0 17 =#jl 7 6 5B#Mt?*4. fc*>\ 
«J&«SJB0>/53 $: 1 0 0 fxmtir&t. -E:C0#^tt, 1 
0 0/0. 0 1 7 =#j5 8 8 2B$ffltt£2> 0 
[0 0 3 2] ££3fc(Z)S i CttHMMBBIk:--* 
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* i?t:^prn s i cc7)]jg;?.^>Stii ob#pjt?2 . 7 
4 /imt'^u, mfiziisra s u <7)JK/scW'>ai± 0.274 

/im/l!Jt'$-3^ CI<Z>^>& T S^cfc£><h. 100 Am 
^.-5*T0D$nfll±. 1 0 0/0. 2 74=*&3 6 5B$fH 

[0033] ^igH^ti-^frcfi^r, {sa«S#sic 
s i cmo>m^mm£^mmt&m<n&tii*$Kt<btt 

[0 0 3 4] **>\ JiSE^#T'*iS^^^N$:ia^U/z 

[0 0 3 5] 
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[HI] #^0fc-* &ffl<?>£A^£. ¥3S#CVDffl. 

[12] *l6a^©mi Oflg«6lci* t-5C0©fand. 
[13] * : RWa>% c ,2.v>m8i\.z&i>t — 9V)Wmw. 
[H4] *^R^05^3ro}gfi5n<J;^ t-^roKTriffiHo 
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[Bio] «yK<7> t - f <»iNmk<n&fgi&fflm.v>&&m 

10-t->. 1 1 2—#!SBg. 13 
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